Abstract: Geolocated photos from google Panoramio are used as a proxy for evaluation of aesthetic values appreciation of different landscape types in Slovakia. We collected the photo's metadata from years 2005 -2014 and calculated the density of photos uploaded by unique user per square kilometre. Then we compared the photos density in different landscape types. The most appreciated are subalpine and alpine landscape types. The high photo density was also found in urban landscapes where most of the population live. Outside the urban area, we found that less intensive type of landscapes are visually more attractive. From the abiotic landscape categories the most aesthetically valuable are landscapes in giant highlands and glacial giant highlands. The lowland landscape used intensively for agricultural production is less attractive.
Introduction
Aesthetic value can be defined as the pleasure that people receive from scenic beauty provided by natural areas and landscapes [1] . Evaluation of aesthetic value is interesting for public, political and scientific purposes [2] . It is essential for people's well-being, for their physical and psychological health [3] . Identification of aesthetic valuable landscapes is helpful in defining areas to be placed under protection or for landscape planning [4, 5] . The visual beauty *Corresponding Author: Juraj Lieskovský: Institute of Landscape Ecology, Slovak Academy of Sciences Nitra, Slovakia; Email: juraj.lieskovsky@savba.sk Tomáš Rusňák, Alexandra Klimantová, Martin Izsóff: Institute of Landscape Ecology, Slovak Academy of Sciences Petra Gašparovičová: Department of Ecology and Environmental Sciences, Faculty of Natural Sciences, Constantine the Philosopher University in Nitra of a landscape is also the key factor affecting recreational potential of the landscape. The aesthetic value of a landscape is based on properties of the landform, structures, climate, vegetation and so on and the way they work together [3] . It is what the landscape offers us but it is sensed and appreciated subjectively.
Studies on landscape aesthetics have been carried out since the 1960s [6] . There are two ways to evaluate landscape beauty: subjective and objective approach [7] . In the first case, the assessment is done by observer(s) through perceptual surveys, public questionnaires or interviews on personal preferences [8] [9] [10] [11] [12] . The evaluation depends on personal factors like age, gender or education [13] . In the second case, the objective approach is based on expert analysis of the landscape. The landscape aesthetic value can be evaluated by measuring and scoring objective factors as diversity of landscape structures, vertical and horizontal articulation [14] , contrast, colourfulness [7] , or with use of landscape metrics [2] . Standardized approaches for the assessment and monitoring of landscape aesthetics are still missing. According to Sevenant and Antrop [42] , research on aesthetic landscape perception needs to focus on a range of landscape types, since the predictors of the aesthetic perception of the public differ in relation to the landscape types in which they are located. That is the reason why we decided to make study, in which we are evaluating all types of landscape occurring in Slovakia.
An interesting data source that reflects appreciation of landscape by people are the millions of geolocated photos uploaded to social media [15] [16] [17] . Platforms like Flickr or Google Panoramio collect geolocated photos of landscape and provide the metadata (exact location, time, photograph identification number) for the analyses. Such data have been used for example for evaluating of aesthetic value as cultural ecosystem service in Cornwall, UK [18] , in Nebraska [19] , or in coastal zones of Lithuania [16] . Locations of photos in Flickr were used as proxy to estimate the visitation rates and travelers' origins at recreational sites [20] or national parks [21] . Metadata from geolocated photos have been used to identify and analyze the most popular visual attractions of European metropolises [22] or for extracting scenic routes in the state of California [23] . Density of Panoramio photos was used as a proxy for evaluating the value and meaning of landscape types at European scale [24] .
Landscape typization is one of the tasks resulting from the European Landscape Convention. National typologies [25] [26] [27] as well as European typologies [24, 28] are based on combination and synthesis of various layers of geographical and biophysical data [29] . In Slovakia, the Landscape types, or Representative Landscape Ecosystems of Slovakia, were designed as homogeneous units considering landscape character, functions and current land-use [30] . They were delineated as combination of 13 land cover units and 18 abiotic condition units grouped to lowland, basin and mountain landscape.
Knowledge and identification of landscape types is an unavoidable condition in the strategic planning process and effective protection of regionally unique landscapes [31] . People's landscape preferences and visions are important inputs for effective landscape planning [4, 32] . Linking the ecological measures with human aesthetic preferences is a promising approach for finding broader acceptance for ecological measures [33] . In this study, we present a simple and fast way to evaluate the appreciation of landscape aesthetic value on national scale. Our aim is to use location data from social media photos as an indicator for evaluating appreciation of aesthetic value of landscape types in Slovakia. In particular we: (1) analyze the distribution of social media photos in Slovakia; (2) compare the density of social media photos in Slovak landscape types.
Data and Methods
The landscape types were delineated by overlaying of abiotic landscape structure (type of relief, quaternary deposits, climatic regions, and soil types) and land-cover map (CORINE Land Cover 2006 -CLC). This process yielded to a patched map of homogeneous areas, which were further interpreted, generalized, and regionalized to a final map of Slovak Landscape types [34] . Overall 126 basic landscape types, which represent unique combinations of land cover in different abiotic conditions, were defined. For the analysis of appreciation of landscape aesthetic value we used final map of landscape types ( Figure 1 , Table 1) taken from Atlas of Representative Landscape Types of Slovakia [35] .
From available social media, we chose Google Panoramio, which is directly focused to presentation of geolocated photos of landscape sites. Photo's metadata (containing geographic coordinates, capture time and photographer identification number) were downloaded using the Panoramio REST API [37] . Altogether 3 330 962 photos, taken in years 2005 -2014 were analysed ( Table 2 ). Table 1 . (source: [35] ).
Firstly we calculated the number of photos per square kilometre. To avoid the bias caused by high density of photos from the place where photographer lives, we counted only one photo per user per square kilometre. This also reduced the bias caused by photographing more photos from one place by one user. To prevent the boundary effect (lowered photo density along the boundary of the study area), we included the photos located within the analyzed distance behind the boundary (totally 10 092 photos). To analyze the appreciation of landscape aesthetic value for specific landscape types, we calculated the photos density (average number of photos per unique user per square kilometre) in each landscape type separately (Table 3) . Then, we summarized the photo densities for each group of landscape types. Figure 2 presents the density of Panoramio photos from unique user per square km in Slovakia. The most photos are taken in urban landscapes, where people live and take photos more often. Therefore we interpret our results for urban and non-urban landscape separately.
Results

Density of Panoramio photos in Slovakia
Hotspots in urban areas are generally situated in city centres, especially close to tourist attractions like historical monuments, museums, parks, restaurants and city squares. The place with the highest photo density in urban Hotspots in non-urban areas are more scattered. Most of them are located near natural monuments, natural interests, castles, lakes, hills, mountains or place where people can have beautiful view on landscape. The density of photos is also influenced by the accessibility and distance from touristic paths. The highest density (142 photos/km 2 ) of photos is found in Skalnaté pleso, a picturesque mountain lake close to favorite ski, tourist and health resort in High Tatras. of photos is found in a camp near to a small village Čer-vený Kláštor in Pieniny National Park . This camping area is famous for nature and rafting on the small river Dunajec. which makes a border with Poland.
Density of Panoramio photos in the Landscape Types of Slovakia
Most of the photos were taken in agricultural landscapes (81 646 photos), which cover the largest part of Slovakia (19 261 km 2 ). Within the abiotic landscape types, the most photos were taken in core areas of uplands (61 180 photos) and core areas of highlands (61 351 photos). The basin landscape types were found to be most attractive (6.65 photos/km 2 ), followed by mountain landscape (2.42 photos/km 2 ) and lowland landscape (1.87 photos/km 2 ).
Regarding the landcover typology , the highest density of photos was found in urban landscape types (Table 3) where people live and therefore take photos more often. Outside the urban landscapes less intensive type of landscapes were found to be visually more attractive. The lowest densities of photos were found in the agro-forest landscape with deciduous forest, deciduous forest landscape and scattered settlements landscape. More preferred landcover types are grassland landscape and forest landscapes (except the deciduous forest landscape type) and the most preferred is subalpine and alpine landscape. Subalpine and alpine landscapes can be found at Vysoké Tatry mts., Nízke Tatry mts. and in very small scale at Veľká Fatra mts.
Discussion
With use of geolocated social media photos we identified places and landscape types where the aesthetic value of the landscape is most appreciated by people. Working from the premise that higher density of photos means higher landscape appreciation, alpine and subalpine landcover type is found to be the most valuable. These landscape types cover High and Low Tatra Moun- tains and partly Velká Fatra mts. The high density of photos could be related to scenic beauty of the mountainous landscapes as well as the easy accessibility for tourists Alpine and subalpine landscapes were not affected by industrialization and intensification of agriculture, that took place in Slovakia in second half of 20th century and the untouched landscape is still visually attractive to tourists/photographers. Rocks, wooded grasslands and shrubs are generally more photographed in comparison to the actual land cover [36] .
Despite the negative relationship between anthropogenic elements and visual quality [38] , urban landscape has very high number of uploaded photos. The main reason for the high density of photos in urban regions is the higher number of people living and taking photos in urban areas compared to the number of people living in other landscape types In addition, visual appearance is positively affected by long history, dramatic historical events, rich culture, which evidence we can see in many churches, castles, castle ruins, ancient city walls, statues or fountains. Manmade elements such as churches, traditional rural buildings, and castles are perceived as beautiful [39] . Wood et al. [20] proves that the cultural attractions have higher visitation rates than natural ones. On the other hand arable land and urban features tend to be photographed less frequently in comparison to they proportion in a landscape [36] .
Water elements, vegetation and traditional farm buildings can increase the appreciation of landscape [39] . Our research shows that cultural heritage sites with long history (e.g. Orava and Spiš Castles, Červený Kláštor) are the most preferred by photographers. Sklenicka and Molnarova [13] did a study based on questionnaire survey where the highest preference among vegetation types was for managed coniferous and wild deciduous forest. According to our results (Table 2) , deciduous forests are not so highly appreciated. It may be because the deciduous forest is located mostly on low mountains that are less attractive for tourism and with less number of viewpoints suitable for taking scenic photos. In Filova et al. [4] forest land was the least rated. Results of the same survey shows that arable land is particularly highly rated . In our study most photos were taken in agricultural landscape. Agricultural landscape covers the largest part of the Slovakia therefore total density of photos per square kilometre (number of photos divided by area of arable land) was low. The low appreciation of lowland landscape could be explained by intensive agricultural activities that makes this landscape unattractive.
Use of geolocated social media photos for analyzing landscape aesthetic values and its appreciation by people has some limitations. Results are strongly biased by the accessibility to scenic locations. Most photos are taken in the places where people live or go for vacations. Therefore, we cannot be conclusive about solely objective landscape aes-thetic values (based on properties of the landform, land structures, climate, vegetation and manmade structures) without any bias from its accessibility to people. In other words some landscapes could be visually more attractive, but because of their inaccessibility this attractiveness is not sensed and appreciated by people. This is similar to the concept of ecosystem services -every ecosystem has its functions independent from human presence and when people receive their products, only then we can talk about ecosystem services Second limitation of our analysis is that the study is based on geolocated photos in social media, taken and uploaded by a small subset of people . This subset consists of technically skilled people with access to computers or smart phones that may not represent the entire population and their visual preferences could be different from the entire population. A common problem for all the studies that use geolocated photos is the distance of the photographed object from the place where the camera records the position coordinates. In our case this offsite effect occurs on the landscape type boundaries, where the area that belongs to one landscape type could be photographed from the place beyond the boundary of other landscape type. On one hand we can consider the off-site effect as a source of uncertainty. This uncertain area, is relative small in comparison to area of landscape types and therefore we think that the influence of off-site effect on our result is minimal. On the other hand referring to definition of landscape by European Landscape Convention as "area, as perceived by people", we can consider the scenic view on the surrounding landscape as a quality of the landscape (or a place) where the viewpoint is.
Conclusion
Analysis of geolocated photos is a simple and fast way to evaluate the aesthetic value of the landscape and its appreciation by people. We found the most attractive hotspots to be Alpine mountains and around castles. Two most attractive hotspots in urban areas are located in the city centre close to river. Beside that we proved that less intensive landscape types are more aesthetically valuable and appreciated by people. One interesting exception is landscape types with deciduous forest, where we found low densities of the photos.
Our analyses could be used as arguments for protection of visually attractive places or landscapes. It can also help to identify places that may be objectively visually attractive, but are not visited because of low accessibility or some other constraints. We can also find the places, for example nature protection areas, that are visited by people even when entrance is not allowed (for example 48.75 % of photos from touristic paths in High Tatras are taken at the period of year when the access is restricted).
